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PROBLEM TO BE SOLVED: To provide a method for 
manufacturing an optical fiber preform which is small in 
the specific circular rate of shapes of respective parts at 
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SOLUTION: A rod 40 is formed by manufacturing a core 
part 30 added with Ge02, forming a supporting part 30A 
substantially consisting of pure silica glass around the 
core part 30 and forming a first clad part 31 mixed with 
an F element around the supporting part 30A. The rod 
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outer clad pipe 39A are integrated by heating and are 
stretched, by which the outer clad pipe 39A is formed as 
the outer clad part 39. Further, the circumference of the 

outer clad part 39 is jacketed, by which the optical fiber preform is manufactured. 
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* NOTICES * 

JPO and NCIPI are not responsible for anydamages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an optical fiber preform, its manufacture 

approach, an optical fiber, and its manufacture approach. 

[0002] 

[Description of the Prior Art] Various things are known, and the refractive-index profile of 
an optical fiber is appropriately designed so that a desired property may be done so. for 
example, a distributed compensation optical fiber [ as / whose wavelength dispersion is 
negative on the wavelength of 1.55 micrometers ] shows a refractive-index profile to drawing 
7 as - the order from an optical-axis core — a core region (refractive index nO), the 1st clad 
field (refractive index nl), and an outside clad field (refractive index nout) - having - size 
relation of each refractive index n0>nout>nl it is . 

[0003] The optical fiber which has such a refractive-index profile is manufactured at the 
process shown in drawing 8 . Namely, (1) The core rod (what should serve as a core region 
of an optical fiber) 10 of the silica by which Ge02 was added is produced, and it is (2). The 
1st clad pipe (what should serve as the 1st clad field of an optical fiber) 1 1 of a silica with 
which F element was added is produced, and it is (3). The outside clad pipe (what should 
serve as an outside clad field of an optical fiber) 19 which usually consists of pure silica 
glass is produced. 

[0004] And (4) Insert a core rod 10 into 1st clad BAIPU 11, carry out heating unification, 
extend both, and a rod 20 is formed. (5) This rod 20 is inserted into outside clad BAIPU 19, 
heating unification is carried out, both are extended, and it is (6). An optical fiber preform is 
manufactured by carrying out jacket attachment to this thing unified and extended, and it is 
(7). An optical fiber is manufactured by carrying out wire drawing of this optical fiber 
preform, the refractive- index profile as the refractive-index profile of an optical fiber with 
the same optical fiber preform manufactured at the above-mentioned process of (6) - having 
__****- the order from an optical-axis core - the core section (refractive index nO), the 1st 
clad section (refractive index nl), and the outside clad section (refractive index nout) - 
having - size relation of each refractive index n0>nout>nl it is . 
[0005] 

[Problem(s) to be Solved by the Invention] However, the invention-in-this-application person 
found out that the above-mentioned optical fiber manufacture approach had the following 
troubles. Drawing 9 is the explanatory view of the trouble of the conventional optical fiber 



manufacture approach. This drawing shows the rod 20 when cutting in respect of a medial 
axis being included, and the cross section of outside clad BAIPU 19 in the process (the (5) 
above-mentioned processes) which inserts a rod 20 into outside clad BAIPU 19, and carries 
out the heating unification of both. This drawing (a) makes a medial axis perpendicular, 
shows the vertical mold process which carries out heating unification, and this drawing (b) 
levels a medial axis and it shows the horizontal-type process which carries out heating 
unification. As shown in these drawings, by heating at the heater 1 of the shape of a circular 
ring prepared in the perimeter of the outside clad pipe 19, a rod 20 and outside clad BAIPU 
19 are heated, and both are unified. 

[0006] At this time, Ge02 and F element are the silica glass comparatively added by high 
concentration, a rod 20 has comparatively low softening temperature, and its viscosity is 
comparatively low. On the other hand, since the outside clad pipe 19 is pure silica glass (or 
silica glass with which the impurity was comparatively added by low concentration), its 
softening temperature is comparatively high and its viscosity is comparatively high. 
Therefore, if the rod 20 and the outside clad pipe 19 with which viscosity differs mutually 
are heated, the rod 20 with low viscosity will deform with a self-weight etc. Since the 
configuration of each part in the cross section of an optical fiber preform is formed into an 
un-circle as a result of this deformation so that it may illustrate, as a result the configuration 
of each field in the cross section of the optical fiber obtained by carrying out wire drawing of 
this optical fiber preform is also formed into an un-circle, optical properties, such as 
polarization mode dispersion of this optical fiber, deteriorate. 

[0007] This invention is made in order to cancel the above-mentioned trouble, and it aims to 
let ****** of the configuration of each field in the approach ****** of the configuration of 
each part in a cross section manufactures a small optical fiber preform and such an optical 
fiber preform, and a cross section offer the approach of manufacturing a small optical fiber 
and such an optical fiber. 
[0008] 

[Means for Solving the Problem] The core section by which, as for the optical fiber preform 
manufacture approach concerning this invention, Ge02 was added (refractive index nO), The 
1st clad section which encloses this core section and by which F element was added 
(refractive index nl), the outside clad section (a refractive index nout - however) which 
encloses this 1st clad section It is the approach of manufacturing the optical fiber preform of 
the silica base which has n0>nout>nl at least. The rod making process with which the 
support section which consists of pure silica glass substantially produces the rod prepared 
between the core section and the 1st clad section, It has the heating unification process which 
inserts a rod in the outside clad pipe which should serve as the outside clad section, and 
carries out the heating unification of an outside clad pipe and the rod, and is characterized by 
making thickness of the support section or less [ of the radius of the core section ] into 1/2 in 
the optical fiber preform obtained after manufacture. 

[0009] According to this optical fiber manufacture approach, the rod with which the support 
section which consists of pure silica glass substantially was prepared between the core 
section and the 1st clad section is inserted in an outside clad pipe, the heating unification of 
these outsides clad pipe and the rod is carried out, jacket attachment is carried out further, 
and an optical fiber preform is manufactured. Since deformation of the rod in the case of 
heating unification is prevented from the viscosity of the support section which consists of 



pure silica glass prepared in the rod being high, the non-circularity of the manufactured 
optical fiber preform becomes small. 

[0010] The core section by which the optical fiber preform concerning this invention is the 
thing of the silica base, and Ge02 was added (a refractive index nO, outer-diameter 2a), The 
support section which encloses this core section and consists of pure silica glass substantially 
(outer-diameter 2b, however b-a<=a/2), It is characterized by having at least the 1st clad 
section (refractive index nl) which encloses this support section and by which F element was 
added, and the outside clad section (a refractive index nout, however n0>nout>nl) which 
encloses this 1st clad section. This optical fiber preform is manufactured by the above- 
mentioned optical fiber preform manufacture approach, and its non-circularity is small. 
[001 1] In addition, you may have further the 2nd clad section (a refractive index n2, however 
n0>n2>nout>nl) between the 1st clad section and the outside clad section, and may have 
further the 3rd clad section (a refractive index n3, however n0>n2>nout>n3>nl) between the 
2nd clad section and the outside clad section. Any [ these ] optical fiber preform is 
manufactured by the above-mentioned optical fiber preform manufacture approach, and its 
non-circularity is small. 

[0012] In the optical fiber preform concerning this invention, the outside clad section is 
characterized by adding F element of concentration lower than the concentration of F 
element added by the 1st clad section. Moreover, the outside clad section is characterized by 
adding CI element of concentration with which the relative index difference over pure silica 
glass becomes 0.05% or more. The viscosity of the outside clad section falls in these cases. 
Therefore, since viscosity concentrates on a high support field and remains, without 
concentrating on the outside clad field of an optical fiber, the wire-drawing tension given on 
the occasion of wire drawing is suitable when reducing the refractive index of a support field. 
[0013] The optical fiber manufacture approach concerning this invention is characterized by 
carrying out wire drawing of the above-mentioned optical fiber preform, and manufacturing 
an optical fiber. According to this optical fiber manufacture approach, to the support field 
where viscosity is high, it concentrates at the time of cooling, the wire-drawing tension given 
on the occasion of wire drawing remains at it, it is based on this residual stress, and the 
refractive index of a support field falls. It is suitable for especially the wire-drawing tension 
at the time of carrying out wire drawing of the optical fiber preform that it is two or more [ 
147Ns //mm ], in this case, it has a desired refractive-index profile and an optical fiber 
(namely, optical fiber which has a desired optical property) with small non-circularity can be 
manufactured. 

[0014] The optical fiber concerning this invention is characterized by being manufactured 
using the above-mentioned optical fiber manufacture approach. This optical fiber has a 
desired refractive-index profile, its non-circularity is small, and its polarization mode 
dispersion is small. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained to a detail with reference to an accompanying drawing. In addition, in explanation 
of a drawing, the same sign is given to the same element, and the overlapping explanation is 
omitted. Below, the case where the optical fiber which has the refractive-index profile shown 
in drawing 7 is manufactured is mainly explained. 



[0016] Drawing 1 is the process explanatory view of the optical fiber preform manufacture 
approach concerning this operation gestalt. This drawing shows each rod when cutting in 
respect of being perpendicular to a medial axis, and the cross section of each pipe. First, the 
core section 30 by which Ge02 was added is produced, support section 30A which consists 
of pure silica glass substantially is formed in the perimeter of this core section 30, and the 1st 
clad section 3 1 in which F element was added around this support section 30A is formed, and 
let this be a rod 40. this rod 40 — OVD — it is produced by law and the vacuum arc heating 
decarbonizing process. 

[0017] On the other hand, outside clad pipe 39A which should become the outside clad 
section 39 is prepared. You may be pure silica glass, and this outside clad pipe 39A is 
suitable also for F element of concentration lower than the concentration of F element added 
by the 1st clad section 31 being added, and it is also suitable for it that CI element of 
concentration with which the relative index difference over pure silica glass becomes 0.05% 
or more is added. 

[0018] and the rod 40 — outside clad pipe 39A - inserting -- a rod 40 and outside clad pipe 
39A - heating unification -- carrying out — extending — further — the perimeter — OVD — an 
optical fiber preform is manufactured by making into the outside clad section 39 partial 39B 
which carried out jacket attachment by law or the vacuum arc heating decarbonizing process 
and which carried out jacket attachment with outside clad pipe 3 9 A. 

[0019] Drawing 2 is drawing showing the refractive-index profile of the optical fiber preform 
concerning this operation gestalt. This optical fiber preform is manufactured by the above- 
mentioned optical fiber preform manufacture approach. As shown in this drawing, this 
optical fiber preform is equipped with the 1st clad section 31 (the refractive index n2, outer- 
diameter 2c) and the outside clad section 39 (refractive index nout) by which the core section 

30 (a refractive index nO, outer-diameter 2a) by which Ge02 was added, support section 
which consists of pure silica glass substantially 3 OA (a refractive index ns, outer-diameter 
2b), and F element were added sequentially from the optical-axis core. CI element of 
concentration with which F element of concentration lower than the concentration of F 
element which the outside clad section 39 is pure silica glass, or was added by the 1st clad 
section 31 is added, or the relative index difference over pure silica glass becomes 0.05% or 
more is added, size relation of each refractive index n0>nout>nl it is . Moreover, the 
thickness (b-a) of support section 30A is 1/2 or less [ of the radius a of the core section 30 ]. 
b-a<=a/2 it is . [ namely, ] In addition, if the thickness of support section 3 OA exceeds one 
half of the radii a of the core section 30, it will become difficult to consider as the thing of a 
request of properties, such as wavelength dispersion of the optical fiber obtained. 

[0020] Drawing 3 is a graph which shows the relation between the non-circularity of the 
optical fiber preform after heating unification, and the thickness of support section 30A. 
Here, the outer diameter of a rod 40 was set to 12mm, the outer diameter of outside clad pipe 
39A was set to 65mm, and the bore was set to 15mm. Relative index difference of the core 
section 30 was made into 2% on the basis of the refractive index of pure silica glass, relative 
index difference of the 1st clad section 31 was made into -0.4%, and relative index difference 
of the outside clad section 39 was made into 0%. the core section 30 and the 1st clad section 

3 1 — the ratio (2a/2c) of each outer diameter was set to 0.4. 

[0021] The non-circularity of the optical fiber preform after heating unification is so small 
that the thickness of support section 3 OA is large so that this graph may show, and 



polarization mode dispersion PMD of the optical fiber obtained by carrying out wire drawing 
of this optical fiber preform is small. This is based on the ability of deformation of the rod 40 
in the case of heating unification to be prevented from the viscosity of support section 30A 
which consists of pure silica glass prepared in the rod 40 being high. On the other hand, as 
for the optical property of the optical fiber obtained by carrying out wire drawing of this 
optical fiber preform, a difference with a design value becomes large, so that the thickness of 
support section 30A is large. Then, when making small the difference of the optical property 
of an optical fiber and design value which are acquired, it is suitable to make thickness of 
support section 30A or less [ of the radius of the core section 30 ] into 1/2. An optical fiber is 
manufactured by carrying out wire drawing of this optical fiber preform. Drawing 4 is a 
graph which shows the relation between the relative index difference of support section 30A 
after wire drawing, and wire-drawing tension. Here, relative index difference of the core 
section 30 of an optical fiber preform was made into 2%, relative index difference of support 
section 30A was made into -0.4%, and relative index difference of the 1st clad section 31 
was made into 0.1%. The outer diameter of the core region (equivalent to the core section 30 
of an optical fiber preform) of an optical fiber was set to 2 micrometers, the outer diameter of 
a support field (equivalent to support section 3 OA of an optical fiber preform) was set to 3 
micrometers, the outer diameter of the 1st clad field (equivalent to the 1st clad section 31 of 
an optical fiber preform) was set to 5 micrometers, and the outer diameter of an outside clad 
field (equivalent to the outside clad section 39 of an optical fiber preform) was set to 125 
micrometers. 

[0022] The relative index difference of the support field of an optical fiber becomes small, so 
that this graph may show and wire-drawing tension is large. The wire-drawing tension by 
which this was given on the occasion of wire drawing is based on viscosity concentrating and 
remaining to a high support field at the time of cooling, it being based on this residual stress, 
and the refractive index of a support field falling. In order to fully reduce the refractive index 
of the support field of an optical fiber, it is suitable for this wire-drawing tension that it is 
more than 147-N[/mm ] 2 (15kg/mm2). Thus, the optical fiber (namely, optical fiber which 
has a desired optical property) which has the refractive-index profile shown in drawing 7 R> 
7 can be manufactured by carrying out wire drawing of the optical fiber preform with high 
tension. 

[0023] In addition, when F element of concentration lower than the concentration of F 
element added by the 1st clad section 31 is added by the outside clad section 39, and when CI 
element of concentration with which the relative index difference over pure silica glass 
becomes 0.05% or more is added by the outside clad section 39, the viscosity of the outside 
clad section 39 falls. Therefore, since viscosity concentrates on a high support field and 
remains, without concentrating on the outside clad field of an optical fiber, the wire-drawing 
tension given on the occasion of wire drawing is suitable when reducing the refractive index 
of a support field. 

[0024] Above, when the optical fiber which has the refractive-index profile shown in 
drawing 7 was manufactured, the case where the optical fiber preform which has the 
refractive-index profile shown in drawing 2 was manufactured was explained, but it is also 
the same as when manufacturing the optical fiber preform which has other refractive-index 
profiles. 



[0025] Drawing 5 is drawing showing the refractive-index profile of the optical fiber preform 
concerning other operation gestalten. The optical fiber preform which was shown in this 
drawing and which carries out refractive- index profile ** is the 2nd clad section 32 (a 
refractive index n2, outer diameter of 2d) (it has further.) between the 1st clad section 31 and 
the outside clad section 39 as compared with what was shown in drawing 2 . the size relation 
of each refractive index — n0>n2>nout>nl it is . This optical fiber preform produces the rod 
containing the core section 30, support section 30A, the 1st clad section 31, and the 2nd clad 
section 32, it inserts this rod in an external clad pipe (what should serve as the external clad 
39), carries out heating unification, extends, and is manufactured by carrying out jacket 
attachment further. Thus, the optical fiber preform (optical fiber obtained by carrying out 
wire drawing of this) manufactured also becomes what has small non-circularity. 
[0026] Drawing 6 is drawing showing the refractive-index profile of the optical fiber preform 
concerning other operation gestalten. The optical fiber preform which was shown in this 
drawing and which carries out refractive-index profile ** has further the 3rd clad section 33 
(a refractive index n3, outer-diameter 2e) between the 2nd clad section 32 and the outside 
clad section 39 as compared with what was shown in drawing 5 . the size relation of each 
refractive index - n0>n2>nout>n3>nl it is . This optical fiber preform produces the rod 
containing the core section 30, support section 30 A, the 1st clad section 31, the 2nd clad 
section 32, and the 3rd clad section 33, it inserts this rod in an external clad pipe (what 
should serve as the external clad 39), carries out heating unification, extends, and is 
manufactured by carrying out jacket attachment further. Thus, the optical fiber preform 
(optical fiber obtained by carrying out wire drawing of this) manufactured also becomes 
what has small non-circularity. 
[0027] 

[Effect of the Invention] As mentioned above, according to the optical fiber preform 
manufacture approach concerning this invention, the rod with which the support section 
which consists of pure silica glass substantially was prepared between the core section and 
the 1st clad section is inserted in an outside clad pipe, the heating unification of these 
outsides clad pipe and the rod is carried out, jacket attachment is carried out further, and an 
optical fiber preform is manufactured as explained to the detail. Since deformation of the rod 
in the case of heating unification is prevented from the viscosity of the support section which 
consists of pure silica glass prepared in the rod being high, the non-circularity of the 
manufactured optical fiber preform becomes small. 

[0028] The optical fiber preform concerning this invention is manufactured by the above- 
mentioned optical fiber preform manufacture approach, and its non-circularity is small. In 
this optical fiber preform, it is suitable for the outside clad section that F element of 
concentration lower than the concentration of F element added by the 1st clad section is 
added, and it is suitable for it that CI element of concentration with which the relative index 
difference over pure silica glass becomes 0.05% or more is added. The viscosity of the 
outside clad section falls in these cases. Therefore, since viscosity concentrates on a high 
support field and remains, without concentrating on the outside clad field of an optical fiber, 
the wire-drawing tension given on the occasion of wire drawing is suitable when reducing 
the refractive index of a support field. 

[0029] The optical fiber manufacture approach concerning this invention carries out wire 
drawing of the above-mentioned optical fiber preform, an optical fiber is manufactured, 



according to this, to the support field where viscosity is high, it concentrates at the time of 
cooling, the wire-drawing tension given on the occasion of wire drawing remains at it, it is 
based on this residual stress, and the refractive index of a support field falls. It is suitable for 
especially the wire-drawing tension at the time of carrying out wire drawing of the optical 
fiber preform that it is two or more [ 147Ns //mm ], in this case, it has a desired refractive- 
index profile and an optical fiber (namely, optical fiber which has a desired optical property) 
with small non-circularity can be manufactured. 

[0030] Moreover, the optical fiber concerning this invention is manufactured using the 
above-mentioned optical fiber manufacture approach, is a thing, and has a desired refractive- 
index profile, its non-circularity is small, and its polarization mode dispersion is small. 



[Translation done.] 
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